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Multi-period pulses ranging method based on vernier interpolation principle 
FANG Yong-qiang，DONG Xiao-ying，LI Lin，GUO Dong-hui 
(Department of Electronic Engineering, Xiamen University，Xiamen Fujian 361005，China) 
Abstract: Utilizing time-interval measurement of vernier interpolation principle in the multi-period 
pulses ranging, this study proposed a method suitable for electric wave or laser distance measuring 
instruments of short distance and high precision. Based on the tiny difference between the periods of two 
clocks, the time interval between transmitter pulse and received pulse was expanded to improve the 
accuracy in the multi-period pulses mode. In addition, the effective range was decided by the period of the 
master clock. The clock control circuit and the time-interval measuring circuit were designed. The 
proposed method had been practically applied to the measurement of network cables, and the measuring 
error of centimetre-sized was approached. 
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1  原理分析  
为便于研究，以下的理论分析和公式推导是基于无调制且恒定频率的脉冲发射形式，采用基本的脉冲前沿时
刻鉴别 [7]确定发射、接收时刻，适用于发射电波或激光脉冲的测距仪。分析的基本思路也适用于经高频载波调制


















 以下推导距离换算公式：如测量原理图1所示，假设一段传输延迟 t经游标内插扩展测量后放大了N倍，即：  
t2–t1=Nt            (2) 
 在 t2–t1 时间段内，设游标时钟的计数值为 k，则又有：  
t2–t1=kT2=kT1+kΔT=kT1+t        (3) 
由式(2)、式(3)可得：  
                                    t=kT2/N=k(T2–T1)=kΔT                             (4) 
 式 (4)表明，时间间隔 t被时间差所量化，k为待测的扩展系数，ΔT即游标测时的时间分辨力，在两时钟周期
足够接近时，量化的分辨率可以达到很高。当考虑发射信号往返传播的路程时，实际待测距离：  
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                                  Δt/t=k(ΔT2–ΔT1)/(kT2/N)=N(ΔT2–ΔT1)/T2                    (6) 
                                        ΔT2=N(ΔT2–ΔT1)                                (7) 
将式(7)代入式(6)可得：  
                          Δt/t =ΔT2/ T2 =[1/(f2+Δf2)–1/f2]/(1/f2)= –Δf2/(f2+Δf2)≈–Δf2/f2             (8) 





Fig.1 Principle of measurement 
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输出 CON 信号变为高电平时启动测量，变为低电平时复位电路并等待下一次测量的功能。5) 单片机主要实现测



















3  网线电缆测距实验  









在 终 端 并 联 电 阻 以 实 现 与 传 输 线 的
阻抗匹配。  
 依 据 原 理 图 2 设 计 时 钟 控 制 单
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Fig.6 Results of measuring network cables 
图 6 网线电缆测量示意图 
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表 1 网线测量结果 
Table1 Results of measuring network cables 
length of network 
cables/m 
spreading factor k  
(circuit delay has been considered) distance value/m 
1.61 1 189 1.59
5.82 4 340 5.82
8.62 6 455 8.65
16.08 12 062 16.16
20.13 15 066 20.18
30.00 22 470 30.11
